That oblique rays of illumination can generate image contrast has been known empirically since the end of the 19th century. However, because this phenomenon was not well understood at that time, and because of the intrinsic defects of the early methods, the early attempts to obtain quality images of transparent objects with oblique illumination were unsuccessful (1, 2). With the advent of phase-contrast microscopy (3, 4) such methods were in general abandoned. Modulation contrast (5) and single sideband edge enhancement (1) are two current techniques that take advantage of oblique rays to produce useful images and reduce the disadvantages of the early procedures. But because of the required use of slit appertures and half stops in the light path, some limitations and artifacts still remain (2, 6) . Recently, video technology has been applied to overcome limitations in many light microscopy techniques (7) (8) (9) (10) , particularly as a means to enhance contrast in differential interference contrast (DIC) microscopy (8, 9) . I now describe an, alternative video microscopy procedure that makes use of oblique rays of illumination, is simple to set up, and has several advantages over video-enhanced DIC.
Transparent objects, when illuminated 
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with parallel rays of light, do not produce visible images in ordinary bright-field microscopy'because the sum of the diffracted light, from each detail of the object focused by the objective lens at the image plane ( Fig. la) , is 1/4 wave out of phase with the direct light (1, 3, 4, 11) . It can be demonstrated, however, that for each point in the specimen, each side of the lateral components of the diffracted light (a "sideband") is offset from the 1/4 wave displacement in an equal and opposite way (1, 3). Consequently, if one sideband of the diffracted light from the object is prevented from reaching the image plane, constructive and destructive interference will occur between the remaining sideband and the direct light to produce a visible image at the plane of focus (1, 3). Suppression of a sideband from the image formation process can be obtained for oblique rays of illumination.
When a bright-field microscope is op-:erated at high numerical aperture and in Kohler illumination, the most oblique rays 'of the illuminating cone produce diffracted light, which is scattered such that up to one sideband is outside of, and thus excluded from, the objective apperture (Fig. 1, b To obtain asymmetric illumination, the lamp filament is simply displaced from the optical axis (Fig. 2a) . With the filament offset, the regular diffuser glass in front of the lamp spreads the light to fill the condenser aperture with a gradient of illumination (Fig. 2b) . This gradient provides the requisite imbalance of oblique rays.
The images obtained by this method, hereafter referred to as asymmetric illumination contrast (AIC), appear shadowed, similar to images obtained by DIC microscopy (12) or other shadow-casting techniques (1, 5). With AIC, the direction of shadow in the image is parallel to the direction of the gradient of light intensity (Fig. 2b) of the. asymmetric illuminating cone. Phase-advancing details are shadowed in the direction opposite to that of phase-retarding details.
Images
AIC depends on having the condenser aperature diaphragm wide open to obtain maximum imbalance of illumination and maximum resolution (3, 4) from the most oblique rays of the illuminating cone (Fig. ic) . When the condenser aperture diaphragm is wide open, however, the contrast of the image seen directly in the microscope is low because of the large amount of light scattered from regions of the specimen not in the field of view. However, image contrast can be amplified electronically by connecting a television camera to the microscope (7-10). Very fine, low-contrast details can be detected, especially if a high resolution camera, equipped with both variable gain and offset (black level) adjustments, is used (8, 9) .
Video enhancement also allows the less intense rays of the darker side of the condenser to contribute critically to resolution of the final image. These rays provide for the resolution of spatial frequencies perpendicular to the orientation of the asymmetric gradient of the illuminating cone. This is possible because the optical image in AIC has a narrow amplitude of contrast and a broad gray scale allowing extensive video contrast enhancement of the whole image without loss of the low-intensity signals when offset is added to compensate for high video gains.
AIC worked well on a Zeiss Axiomat, Nikon Optiphot, and a Zeiss ICM inverted microscope equipped for a bright-field illumination with standard tungsten filament bulb. The video camneras used were either a Newvicon-Dage 65 (Dage-MTI) or a Chalnicon-Hamamatsu c-1000 (Hamamatsu Systems) equipped with gain and offset adjustments (13, 14) .
The test objects in Fig. 3 , a and b, illustrate the high-resolution shadowcast images obtained (15) . Figure 3a shows a thin optical section at the surface of a human buccal epithelial cell where the surface ridges can be seen in great detail. For this type of specimen this technique provides equal or better images than the polarized light-based video microscopy (16). Images viewed by this technique are not obscured by phase objects above or below the plane of focus (Fig. 3, c and d) .
When the general imaging capabilities of video-enhanced AIC are compared with those of video-enhanced DIC to reveal submicroscopic structures in thin (9) or isotropic specimens (17), DIC produces optimum contrast. However, 15 FEBRUARY 1985 phase gradients are better resolved with AIC when the specimen contains highly birefringent objects. The amplitude of light intensity generated by DIC images of such specimens cannot always be contained within the dynamic range of currently available television cameras (14) . Thus, when birefringent structures such as secretory or pigment granules, compact lipid formations, chloroplasts, or crystalline inclusions are present, they produce a glare in the video image that limits the useful expansion of the gain of the camera, preventing the enhancement of contrast and visualization of other structures in the field of view. With AIC, the broad gray scale and narrow variation in light intensity of the optical image permits extensive video enhancement producing undisturbed visualization of fine phase gradients (Fig. 3, e and f) .
Since AIC does not require the use of cross polarizers or modulators, it can generate images at much lower light in- Fig. 3. (a to d) 767 tensity than most techniques, which can be of critical advantage for viewing lightsensitive specimens. This method of image formation does not require any system of rings, slits, or half stops. Therefore, it also avoids halos or diffraction fringes arising from the presence of abrupt edges in the path of illumination (6) as in phase-contrast microscopy (4). Video-enhanced AIC is also especially suitable for observation of mixed phase and amplitude objects such as cytochemically labeled specimens (Fig. 3, g and h) . Weakly labeled structures can easily be seen (Fig. 3h) , and clear imaging of any other fpcal plane in the specimen (Fig.  3g) 
